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Aktrrt-Rates of hydrogendeuteriumexchange of 3-chloro- and 3,5dichloropyridine in MeOlXMeONa 
were studied. Deuterodeprotonation of 3-chloropyridine at 110.2” is 53 times faster at H4 than at H-2. 
At 75” tk value of tk orth chloro rate factor for exchange is 800; tk pare nitrogen rate factor is 3000. 
Interrupted dehydrohalogenation of 3-&loropyridine-2 or 4-d and 3-iodopyridine4d in NH,-NaNH, 
to give 3,4_py~idyne results in no detectable loss of label at 2 in the chloropyridine but reduction and 
enrichment of 4-d in the chloro and iodo compounds, respectively. Results arc interpreted in terms of the 
reactions of halopyridyl anions. 

INTRODUCTION 

HALOPYKIDINES and fused ring halopyridines may undergo dehydrohalogenation 
by strong bases to give heterocyclic arynes or hetarynes. When the halogen is meta 
to the annular N atom and dehydrohalogenation may take place by removal of 
hydrogen either ortho or pura to the nitrogen, elimination takes place solely by loss 
of the para hydrogen. Thus, 3+pyridyne (I) but not 2,3-pyridyne (11) forms as an 
intermediate during dehydrohalogenation of 3-halopyridines.’ \ 
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We present the results of studies designed to indicate the relative acidities of 
positions adjacent to halogen in 3-halopyridines. Investigations involve H-D 
exchange in methanol under conditions which do not lead to 3,4-pyridyne as well as 
in ammonia where this intermediate is formed.* 

RESULTS 

Kinetic data on the methoxide ion catalyzed proteodedeuteration of 3-chloro- 
pyridine and deutercdeprotonation of 3-chloro- and 3,Sdichloropyridine in methanol 
are given in Table 1. 

Rate constants, obtained by standard NMR methods,5S6 indicate that H-4 of 
3chloropyridine exchanges 53 times faster than H-2 at 1102”. Positions 2 and 5 in 
this molecule have about the same kinetic acidity and exchange was not detected 
at position 6 under these conditions. Methoxydechlorination did not compete with 
hydrogen exchange ; the rate constant (extrapolated) for this reaction at 110” is 
3.4 x lo-* M-’ set-I.’ 
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Three distinctly different results were obtained from these reactions. The data 
in Table 2 show that the deuterium content of 3chloropyridine-2-d does not change 
measurably under conditions which lead to the formation of 3+pyridyne. However, 
as this pyridyne is being generated reduction in the deuterium content of 3chloro- 
pyridine-4-d does take place and by contrast, enrichment in the deuterium content 
of 3-iodopyridine4d occurs. While no kinetic isotope effect is discernible for the 
chloro compounds the reaction of 3-iodopyridine to form 3,4pyridyne proceeds 
with an apparent kinetic isotope effect k _ “/k ._ D of 2*6.* 

TABLE 2. INTERRUPTED DWYDROHALCGENATION OF 3-HALOPYRlDINE3d WlTH 

NaNH, IN ROILING AMMONIA 

Pyridine 
% Deuterium’ 

Initial linal 

% Halide Ion 

fOIlId k_dk-, 

3-Chloro-%d* 7s 20 46 

3-Chloro-2-db 61 61 30 

3-Iod&-d 30 43 49 2.9 

3-lodo4d 29 44 60 2.3 

0 *so/, b Data taken from Ref4. 

The reactions in ammonia are relatively fast and the time for the addition of halo- 
pyridine constitutes a portion of the reaction time. In the case of 3-iodopyridine, for 
example, this serves to decrease the magnitude of the apparent isotope effect. Such 
complications have no bearing on our main conclusions, however. 

DISCUSSION 

The mechanism of formation of 3+pyridyne from 3-halopyridines is likely to be 
similar to that for the formation of arynes under the same conditions.3c As with 
aryl halides, it is probable that the pyridyl halides are deprotonated by base to give 
halopyridyl anions which then eliminate halide ion, Scheme 1. ..- 

Cl k-,,k-, X 

k-x + x 

Several facts support this contention : (1) Base-catalyzed deprotonation to give carb- 
anionic intermediates is not an uncommon reaction of heteroaromatic compounds. 
Pyridine N-oxides and N-methylpyridinium ion undergo such deprotonation reac- 
tions. lz (2) The ortho chloro rate factor obtained from the rates of hydrogen exchange 
of chloropyridine N-oxides’ favorably compares with that obtained from chloro- 
pyridines. It is unlikely that similar values would be obtained for this factor if different 

l Data were treated according to the method developed.” 
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types of intermediates were formed in the N-oxide and pyridine series. (3) The magni- 
tude of the apparent kinetic hydrogen isotope effect in the reaction of pyridyl halides 
increases with increasing atomic number of the halogen leaving group. The reactions 
of aryl halides to give arynes show a similar effect.’ l 

The results of the interrupted dehydrohalogenation reactions of deuterated 3- 
halopyridines in ammonia are understandable in terms of the reactions of halopyridyl 
anions. Reaction of a 3-halo-4-pyridyl anion with solvent gives unlabelled 3-halo- 
pyridine and loss of halide ion from the anion results in the formation of 3+pyridyne, 
Scheme 1. The degree of change in the isotopic content of starting material depends 
on two ratios, the isotope effect k_&_, = i and the partitioning of anion to halo- 
pyridine and to 3,4-pyridyne, k&_,. Thus, when there is an isotope effect, proteo 
reacts faster than deutero substrate. This in itself would lead to an increase in the 
amount of D relative to the amount of H isotope in substrate. But opposing this 
enrichment is the formation of proteo halopyridine from a reaction of anion with 
solvent, since anion formed from either H or D starting material gives only H substrate. 
Therefore, a value of IQ,/~_~ cannot be specified without a knowledge of the magni- 
tude of i. This means that from an experimentally determined change in the H-D 
ratio of substrate a range of values of k,&_, may be computed. As larger values of i 
are employed in the computations, larger values of k&-X are generated.* 

With this limitation in mind and the knowledge that 3-halopyridines do not form 
detectable quantities of 2,3-pyridyne in ammonia3 an explanation of the results of 
the interrupted elimination reactions can be given. The following assumes that i has 
the value <6. For 3_chloropyridine-4-d reduction in the D content of starting 
material results because the rate of reaction of 3-chloro4pyridyl anion with solvent 
exceeds that for chloride ion loss, k&-c, > 1. For 3-iodopyridine4d enrichment 
in D content results because the rate of reaction of 3-iodo4pyridyl anion with 
solvent is similar to or less than the rate of iodide ion expulsion. No measurable 
change in D content of 3-chloropyridine-2-d is observed because detectable amounts 
of the 3-chloro-2-pyridyl anion do not form. 

Because protonation of the 3-iodo4pyridyl anion prior to iodide ion loss is not 
taken into consideration in calculating the kinetic hydrogen isotope effect, reported 
values in Table 2 are apparent values only. l 1 The true magnitude of this isotope effect, 
k$k_, ought to be larger. 

The results of the hydrogen exchange experiments in methanol and in ammonia 
indicate that the 4 position of 3-halopyridines is more acidic than the 2 position. This 
reactivity pattern suggests that the mechanism of hydrogen exchange is similar for 
the two media. In MeOD, however, the halopyridyl anion undergoes deuteron capture 
at a much greater rate than its suffers halide ion loss, kD/k_x B 1. This result is 
largely a consequence of the fact that methanol is a much more acidic solvent than 
ammonia. 

Because the effect of the halogen atom is expected to be the same at adjacent 
positions 2 and 4, the unusual positional acidity pattern of 3-halopyridines must be 
due to the annular nitrogen atom. 

Hydrogen exchange studies on pyridine and the diazines in hydroxylic solvents 

l An equation relating k,,Jk_x. k_H/k_D aod the degree of change of the isotopic content of substrate 
has been reported.” 
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indicate that a N atom activates all positions for exchange but that positions adjacent 
to nitrogen are less acidic than more remote centers.“.i4* l5 We suggest that two 
factors need to be considered in accounting for the decreased acidity of sites adjacent 
to nitrogen, relative to more removed centers. These are (a) electrostatic, repulsive 
interaction between the unshared electron pair of nitrogen and the electron pair of 
the anion in the transition state and in the intermediate ion and (b) the reduction in 
the amount of s character in the C2H bond resulting from an enlarged internal ring 
bond angle.* A discussion of these factors will be presented in a future publication 
dealing with H-D exchange of pyridine and the diazines in MeOD. l’ 

Partial rate factors provide a measure of the effect of groups on the rates of aryl 
anion formation. It is instructive to compare our rate factors for chlorine and nitro- 
gen with those for fluorine. Rate factors are available for aryl fluorides in NI-13’” 
and in methanol.* The or& chloro rate factor is understandably less than the value 
of 1.8 x 10’ (MeOH, 40”) for the more electronegative F atom. However, the value 
of the puru fluoro rate factor,’ 14, is considerably less than that for the pura nitrogen 
rate factor. The activating influence of an annular N atom on the acidity of a para 
position is especially large and is considerably larger than the influence of most 
paru groups. ‘* This activation is likely to be due primarily to an inductive and not 
to a resonance effect. Resonance effects are not likely to serve as the primary mode of 
stabilization of anions generated by deprotonation of annular positions in N-Methyl- 
pyridinium ion, ” for example. The nitrogen nucleus in pyridines provides strong 
electrostatic stabilization of the anion developing at the puru position. 

Hydrogen exchange studies on 3,5-dichloropyridine rule out an alternate mechanism 
of exchange. Exchange can not take place on the adduct formed by the addition of 
methoxide ion to the 3 or 5 position of substrate, Scheme 2, because this would lead to 
methoxydechlorination along with hydrogen exchange. Chloride ion is a much 
better leaving group than methoxide ion and exchange is observed to be faster than 
methoxydechlorination. 

Our results coupled with previous studies on the amination products from 3- 
halopyridines show that the rates of deprotonation and halide ion loss to give 
3+pyridyne in NH3 occur faster than deprotonation and halide ion loss to give 
2,3-pyridyne. 

l The NCC angle of pyridine is about 4” larger than the 120” angk in benxene.‘6 

EXPERIMENTAL 

Mass spectra were obtained on an Hitachi Perkin-Elmer RMU-6E spectrometer and NMR spectra 
were recorded using a Varian Associates A-60A instrument 3Chloropyridine (Aldrich Chemical Co.) was 
redistilled, b.p. 148-151”. prior to use. 3,SDichloropyridin~ f3dichloropyridioe and 3-iodopyridine 
were used as obtained from Aldrich Chemical Co. D,O containing >W/, D was obtained from Columbia 
Organic Chemicals. Solutions of MeONa were prepared by dissolving freshly cut Na in MeOH or MeOD 
under N,. Constant boiling DI was prepared from constant boiling HI and D,O ; 78 % resulted after two 
exchanges. 

3-CMoropyridine4d. A 5 g sample of 3chloropyridine was heated to 74” with 2.5 g MeONa and 10 ml 
MeOD for 18 hr. Then, about 5 ml McOD was allowad to distil, and 10 mj water, saturated with NaCl 
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was added This soln was extracted twia with 5 ml portions ether and the ethereal extracts were dried and 
distilled. A yield of 3 g of 3-chloropyridine. b.p. 148-150” (WA), was obtained. Analysis by NMR showed 
76% deuterium in the 4 position. 

3,5-Dichloropyridine-4d. A 3.5 g sample of 3,5dichloropyridine was heated at 74” with 7 ml MeOD 
and 1 g MeONa for 48 hr. The reaction mixture was then diluted with 10 ml ether, and the mixture was 
washed with 10 ml water. The ethereal soln was evaporated, and the solid residue was recrystallized from 
aqueous MeOH A yield of 3 g (85%) of material, m.p. 63544~5” was obtained (Lit.” m.p. is 64-65”). 
Analysis by NMR showed 78% D at the 4 position, and about 2 perant at the 2,6 positions. The following 
mass distribution was obtained from the low voltage mass spectrum: d, 178%; d,, 72.6%; d,, 9.7%. 

3-Chloropyridine-2-d A mixture of 10 g 2,3dichloropyridine and 50 ml constant boiling DI was warmed 
to 80”, and stirred magnetically for 18 hr. The mixture was then made strongly alkaline with WA KOH. 
while being cooled in an ice bath. The alkaline soln was then extracted twia with 20 ml portions ether. 
The combined ethereal extracts were dried with MgSO,, and distilled. A fraction, b.p. 145-155”. was 
redistilled to give 2 ml product, b.p. 148-150”, which was shown by its gas chromatogram to contain over 
93% 3-chloropyridine (area ratio). Analysis of this sample (32% yield) by NMR showed 61% D at the 
2 position; no impurities could be detected. 

3Gdopyridine4d. A sealed tube containing 10 g 3-iodopyidine and IO ml 2.2M MeON in MeOD 
was incubated at loo” for about 2700 min The contents then weR added to 50 ml 30% KOH and the 
mixture was extracted twice with 25 ml ether. The dried (MgSO,) extracts were concentrated and the residue 
sublimed at 05 torr with an apparatus which was cooled by MeOH circulated through a Dry Ice-iso- 
propanol heat exchanger. The collected solid was then resublimed to give 7.8g 3-iodopyridine (78%). 
ap. 5&52”. This solid was analyzed by NMR in CCl, soln, and was found to contain 66% 4-d, the 5.6 
protons serving as internal standard. Mass spectral analysis showed: d, 28.3%; d,, 63.2%; dt, 8.5%. 
Some deuterium probably is in the 2 and/or 5 positions as well. 

Kinetics of hydrogen-deuterium exchange of 3-chloroppridine in methanol. A typical de-deuteration run 
was prepared by adding a mixture of 0+7 ml 3-&loropyridine4d, 002 ml t-BuOH, 0488 ml MeOH, and 
0.418 ml 364 M methanolic NaOMe to a dry NMR sample tube. After a time zero NMR spectrum ~89 

made, the tube was immersed in a constant temp bath and removed periodically for NMR measurement. 
The integrals of proton signals were measured in four successive sweeps, and the average value was taken. 
Standard deviations of individual sweeps from the average ranged from *2-5x. Sufficient time was 
allowed to elapse between sweeps to avoid saturation effects The quantity log Q was plotted as a function 
of time. In this quantity A represents the 

area of the reacting proton signal and AIld represents the area of the t-Bu proton signal. The values of the 
ratio A/A,, were experimentally determined for time zero, and points of the run. The value of tbe ratio 
at equilibrium was calculated from the amounts and deuterium contents of the reagents used. The slope 
of the plot of log Q versus time was determined by visually fitting the best straight line through the experi- 
mental points numbering about five. The base concentration, as calculated from the total volume of 
MeONa used, was corrected for expansion using the ratio of the density of MeOH at the reaction temp 
to the density at room temp.2o The pseudo-first order rate constants were divided by the corrected base 
concentrations to give the second order rate constants, which are given in Tabk 1. In proteodeuteration 
runs log ( -Q) was plotted as a function of time. Reactions were followed for l-3 half-lives Following 
exchange the base concentration of randomly selected samples was determined by titration These values 
generally agreed with initial values to within loo/,. 

Kinetics ofdeuterution of3,5-dichloropyridine in methanol&I. A typical run involving deuterodeprotona- 
tion at the 4 position was made by adding O-084 g 3,5-dichloropyridine, O-02 ml t-BuOH, and 0@3 ml 
1.103 M MeONa in McOH-Od to a 1 ml volumetric tlask. The flask was then made up to the mark with 
MeOD and tbe contents were transferred to a dry NMR tube. The tube was sealed, a time zero NMR 
spectrum was made, and the tube was immersed in a water bath thermostated at 75.1 f Q29 The tube was 
removed periodically for analysis. Tbe pseudo-first order and the second order rate constants were obtained 
in the same manner as those for 3_chloropyridine, and are given in Tabk 1. 

Intempted dehydrohalogematim ofdeuterated 34alopyridines. The procedure is the same for 3-chloro- 
pyridine-2 or 3-d and for 3-iodopyridine4d. The method is de&bed for the first substrate. 
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About 200 ml ammonia was condensed into a flame-dried N, swept tlaak fitted with Dry Ice condenser. 
A total of @54 freshly cut Na metal was added in small portions, and a small crystal of ferric nitrate was 
added to catalyze amide formation. When all the Na had been converted to NaNH2, as evidenced by the 
disappearance of the blue coloration, 2 g 3chloropyridinc-24 with 61 - 5 % dcuterium content, in 10 ml 
anhyd ether was added over a 1 min interval. The mixture was allowed to stir for three additional min, 
then the reaction was quenched by the addition of 4 g solid NH,NO* The liquid ammonia was allowed to 
evaporate overnight. The residue was diluted with about 15 ml water, and extracted twice with 5 ml por- 
tions ether. The aqueous layer was quantitatively saved. Tbe combined ethereal extracts were dried with 
MgSO., and distilled. Redistillation gave about 1 g 3chloropyridine. b.p. 148-150”. This sample was 
found to be homogeneous by gas chromatography, and NMR analysis showed 61 - 5% deuterium 
content. 

The volume of the aqueous extract was reduced to about 20 ml, acidified with HNOa, and then diluted 
to 25 ml. An argentometric titration of aliquots with AgNO, showed that 80% of total chlorine present in 
the original starting material had been liberated as chloride ion. 
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